This paper is an introduction to the special issue entitled Evolving the study of gesture: evaluating and unifying theories of gesture acquisition in great apes. The gestures of great apes have been recorded in scientific literature for over 100 years, but the ways in which apes acquire their gestures remains a highly debated topic. Through this historical framework, we summarize and contextualize contemporary research on the development of ape gesture. We describe the papers presented in this special issue, grouping them into three themes: assessing theories, methodological innovation, and new empirical approaches. Each of the papers is a significant contribution to the literature on ape gesture, but the collection of work together represents a unique collaboration across labs, theories, and studied species. By considering the papers side-by-side, we hope that readers will see the authors as engaging in a true dialogue, one which will help the field of primate gesture research make significant advances in the years to come.
History of ape gesture research
The gestures of great apes have been a subject of scientific curiosity for nearly 150 years, but the development of ape gestures remains woefully understudied. Early descriptions from the late nineteenth and early twentieth centuries are often highly detailed, and many conclusions early scholars drew about the 'nature' of ape gestures are strikingly prescient, with studies a century later coming to similar conclusions.
One of the first scientific descriptions of ape gesture occurs in Darwin's (1872) book, The expression of emotions in man and animals. Although the book focuses most closely on facial expression and vocalizations, Darwin records several gestural displays in great detail. In one passage, Darwin describes a juvenile female chimpanzee's display of distress and notes the similarity with behavior seen in human children: "A young female chimpanzee, in a violent passion, presented a curious resemblance to a child in the same state…She screamed loudly with widely open mouth, the lips being retracted so that the teeth were fully exposed. She threw her arms wildly about, sometimes clasping them over her head. She rolled on the ground, sometimes on her back, sometimes on her belly, and bit everything within reach." (Darwin 1872: p 140) Darwin describes the gestures of apes as more 'expressive' than their facial expressions, but goes on to question whether the facial expressions of monkeys might not be more expressive still, owing to their more highly marked coloration and their control over ear movements. We now believe that the flexibility with which apes use gesture distinguishes gesture from other signals, such as facial expression (Call 2007; Tanner and Byrne 1993) , and Darwin's interest in 'expressiveness' has no equivalent in contemporary studies. Current literature on ape gesture focuses on intentionality, gesture modification, and meaning. Features that might contribute to what Darwin referred to as expressiveness-like the relative size or salience of signals-are rarely remarked upon in current work, unless perhaps as a feature that apes manipulate in selecting or modifying their signals to be more easily perceived by others (e.g. Cartmill 2009 ).
In the early twentieth century, scientists observing chimpanzees again compared their gestures to other modes of communication and concluded that their gestures appeared to be more flexibly used and less reflective of the apes' inner emotional states than their vocalisations were (Rothmann and Teuber 1915; Yerkes and Learned 1925) . In comparing chimpanzee communication to that of humans, Rothmann and Tuber (1915) argued that:
"…as a means of intercommunication, vocalisation is less important and bodily attitude and gesture more important in the chimpanzee than in man." (Rothmann and Teuber 1915, pp. 13-14) Wolfgang Kohler, writing about a series of studies he conducted on tool-use in chimpanzees in [1914] [1915] , describes several gestures in detail. His description of a "wrist present" used for appeasement resonates with our contemporary understanding of the gesture:
"When a chimpanzee approaches another of the same species with whom he is on a "difficult" footing-for instance, if they have recently been fighting-and is dubious about the possible reception of his advances, he will probably extend his hand with the palm turned inwards…one may perhaps guess that the flexion of the palm and the extension of the back of the hand are meant to reassure, by contrast to the grasping or hacking motion characteristic of attack." (Kohler 1925, p 305) Kohler was one of the first researchers to note that although chimpanzee gestures are remarkably expressive and display considerable variation, they are not used to label objects in the way that human language does. These early observations of ape gesture were anecdotal and involved small numbers of animals, but the authors spent many hours with their subjects, and many of the comparisons they made between ape and human communication have, to a large extent, been supported by recent systematic studies of ape gesture.
Studies of ape development and gesture
Although Darwin noted the similarities between gestural and facial displays in apes and human children, studies of ape development were not conducted until the early twentieth century. In the 1920s, Robert Yerkes and Blanche Learned detailed the cognitive and communicative ontogeny of two young chimpanzees housed first in Washington D.C., and then in Cuba (Yerkes and Learned 1925) . They described the chimpanzees' physical, cognitive, and vocal development. Yerkes and Learned focused on vocal communication, rather than gestural or facial signals, transcribing their subjects' vocalizations using musical notation and giving great detail about the contexts in which they occurred. The authors noted the chimpanzees' facial expressions and gestural movements while describing their attempts (and frustrations) in communicating vocally with their human caretakers.
In the 1930s, Nadezhda Ladygina-Kohts published the first direct comparison of development in a chimpanzee and a human child (Ladygina-Kohts and de Waal 2002) . She raised the chimpanzee in her home as a human child (foreshadowing later work on enculturated apes), and documented the first 3 years of life in great detail, later comparing them to her own son's development. Building on Darwin's work, Ladygina-Kohts employed a photomontage technique to document and compare subtle details in the facial expressions of her two subjects. She noted similarities and differences in the expressions produced by the human and chimpanzee during similar interactions, such as tickling. Her descriptions and illustrations of chimpanzee gesture were highly detailed and the gestures she described appear in largely similar forms in contemporary work. When describing the chimpanzee's reaction to being shown a dead magpie, Ladygina-Kohts writes:
"…the chimpanzee turned his side to it, bared his teeth, covered his face with one hand, and made a hesitant waving gesture with the other." (Ladygina-Kohts and de Waal 2002: p 104) This early work on ape gesture and communicative development involved apes in captivity, but by the middle of the twentieth century, the gestures and calls of wild apes began to be systematically described (Schaller 1963; van LawickGoodall 1968) . Jane Goodall conducted a longitudinal study of chimpanzees at Gombe in the late 1960s (van LawickGoodall 1967), but communicative development in wild apes was not systematically studied until the work of Frans Plooij a decade later (Plooij 1978 (Plooij , 1979 (Plooij , 1984 .
Although gesture was often described in broader studies of ape behavior or communication, it wasn't until the 1980s that ape gesture itself became the focus of scientific research, starting with the work of Michael Tomasello and colleagues at the Yerkes Primate Research Center (Tomasello et al. 1985 (Tomasello et al. , 1989 (Tomasello et al. , 1994 (Tomasello et al. , 1997 . These studies by Tomasello and colleagues had an explicit focus on development, but answers to the questions they raised about gesture ontogeny remain elusive. The authors employed both cross-sectional and longitudinal designs to study gesture in chimpanzees, arguing that gesture was more flexible than other forms of communication and that it demonstrated relatively sophisticated forms of social cognition. After moving to the Max Planck Institute for Evolutionary Anthropology in Leipzig in the late 1990s, Michael Tomasello and Josep Call launched a program of comparative gesture studies with the goal of studying gesture in multiple primate species using the same methods. This program included work on gorillas, bonobos, orangutans, and siamangs (Pika et al. 2003 (Pika et al. , 2005 Liebal et al. 2004 Liebal et al. , 2006 , and established many of the coding standards shared across the field today. Most of the studies in the MPI's comparative gesture project focused on the gestures of juvenile apes, but they did not explicitly look at development. Instead, they documented the gestures produced by apes in multiple captive groups and compared repertoires between sites. These studies reported that apes' gestures did not differ systematically between sites, and the authors concluded that ape gestures were probably not acquired via cultural transmission.
In the early 2000s, a group of researchers at the University of St Andrews began another series of comparative gesture studies, focusing largely on the repertoires of gesture types and the meanings of ape gestures (e.g., Genty et al. 2009; Cartmill and Byrne 2010; Hobaiter and Byrne 2011a) . These studies built upon the work of the MPI group, but also drew on Richard Byrne and Joanne Tanner's detailed studies of social cognition and forms of reference in the gestures of captive gorillas Byrne 1993, 1996) . Early work in the group described the large repertoires of gestures available within ape species (Genty et al. 2009; Hobaiter and Byrne 2011a; Graham et al. 2017) , and how these were deployed and combined (Genty et al. 2009; Cartmill and Byrne 2010; Hobaiter and Byrne 2011b) . They employed the cognitive approach to ask what signalers 'mean' when using a gesture. Because ape gesture, like language, was shown to be directed towards specific recipients with a particular goal, it was possible to explore more than simply the 'information' encoded within a signal, and ask instead what the signaler intended to communicate: gestural meaning (Cartmill and Byrne 2010; Hobaiter and Byrne 2014; Graham et al. 2018 ). The group also moved the systematic study of gesture back into the field, providing the first descriptions of wild ape gesture that explored the full repertoires of gestures available to, first, chimpanzees (Hobaiter and Byrne 2011a, b) , and then bonobos (Graham et al. 2018) , and most recently orangutans (Knox et al., in press) .
Today, the picture that emerges from the field is largely one of consensus: great apes employ large repertoires of their gestures flexibly and intentionally to achieve day-to-day goals while navigating their social world. However, the question of gesture ontogeny, first raised a century ago by Yerkes and Learned, remains unresolved. A diverse range of mechanisms have been suggested, from genetic channeling to ritualization to social learning, and with the expansion of the field has come a diversification of methods, making direct comparisons of data in the published literature challenging.
Goal of the special issue
The idea for this special issue began as a symposium at the 2014 Congress of the International Primatological Society in Vietnam. The goal of the symposium was to bring ape gesture researchers together to discuss questions of acquisition and ontogeny-topics that have remained lacunae in the otherwise rapidly growing literature on primate gesture. Much of the interest in primate gesture has been driven by an interest in gesture's role in the origins of human language and the argument that ape gesture shares more features in common with human language than ape vocalization does. The argument for a gesture 'first' hypothesis is weakened by recent studies showing primate vocalizations to be more flexibly deployed than previously thought (e.g., Schel et al. 2013; Crockford et al. 2017 ). However, language-precursor systems in our hominin ancestors (like any modern species' communication, including human language) likely employed both vocal and gestural signals. Thus, the interest in gesture's role in the evolution of human language-and, therefore, interest in primate gestures-has remained strong.
Ape gestures display many of the hallmarks of human language. They are directed towards specific individuals. They take into account whether the interlocutor can perceive them. They are repeated, modified, or combined with other signals when they do not receive a desired response. They are used to achieve specific goals. They are used flexibly and in seemingly intentional ways to achieve those goals. Multiple gestures can be used to achieve the same goal and individual gestures can be used to achieve multiple goals. However, ape gestures do not seem to be acquired as conventions in the same way that children learn new words. Apes in different groups (in both captive and wild populations) who have not interacted with one another produce gestures that are remarkably similar in both form and function. There is some individual and local variation, but not to the degree one would expect if apes acquired their gestures through cultural transmission (Tomasello et al. 1997; Hobaiter and Byrne 2011a) . Apes can easily learn to perform new manual movements, so the learning problem here is not one of manual dexterity or control.
It is not clear how apes acquire their gestures, or indeed whether the acquisition process can be characterized by a single learning mechanism. The extant theories about acquisition are typically discussed as if they were irreconcilable, but this may not necessarily be true, particularly as some studies focus on different levels of explanation (e.g., proximate or ultimate; Fröhlich and Hobaiter 2018) . However, although many papers discuss acquisition, very few have been able to directly study the emergence or spread of new gestures. The field of primate gesture research has grown to include substantial methodological diversity, and we may be nearing a point at which it will be possible to create an integrated theory of gesture acquisition.
This special issue takes first steps in that direction by bringing together 31 scholars across 10 papers to consider the current data on gesture acquisition and how we might be able to better study acquisition in the future. This group of authors encompasses the vast majority of scholars currently working on ape gesture. The collection of papers also covers a wide range of methods, from categorical coding of spontaneous interactions, to experimental games, to conversation analysis, to models of neural activation. Although each paper stands on its own as a significant contribution to the literature on primate communication, we hope that by assembling the papers into a single issue, the different perspectives, datasets, and methodological approaches will be brought into conversation with one another in ways that will provoke new insights and inspire future work. While all the papers contain multiple themes, we have organized the volume into three sections: assessing theories, methodological innovation, and new empirical approaches.
Overview
The papers in Assessing Theories (Tomasello and call 2018; Byrne et al. 2017; Liebal et al. 2018 ) review the existing literature on ape gesture and assess support for the two primary theories of gesture acquisition: ontogenetic ritualization and genetic channeling. Ontogenetic ritualization (OR) proposes that actions are ritualized into gestures over many successive interactions (Tomasello et al. 1994 ). According to OR, individuals begin to recognize and respond to another ape's actions during the initial movements, and the acting ape learns that only part of the action is necessary to achieve their goal. Thus, over repeated interactions, the acting ape becomes the signaling ape. The main alternative theory of acquisition proposes that most gesture types are part of a species' innate repertoire. Genetic channeling (often called phylogenetic ritualization) posits that apes are born with the tendency to develop a particular set of basic gesture movements, and isolated populations of apes show little variability in the available gesture forms or repertoires (Hobaiter and Byrne 2011a) . This theory doesn't imply, however, that there is no learning involved; apes may learn aspects of when and how to use their gestures and may learn to modify them in many ways. Of course, it is possible (perhaps likely) that not all gestures are acquired via the same mechanism. This possibility is discussed in several of the papers as well as the conclusion to the special issue.
In their paper, Thirty years of great ape gestures, Michael Tomasello and Josep Call review the body of work produced by their research group: starting with the studies of chimpanzee gesture at Emory in the 1980s, through the large scale cross-species comparisons conducted at the MPI in Leipzig. They discuss points of agreement and disagreement between different studies, most notably with Richard Byrne and colleagues on acquisition, and David Leavens and colleagues on referentiality. Tomasello and Call mention gesture intentionality and sensitivity to the attentional state of the recipient as areas of great agreement across studies. Many researchers have adopted their criteria for intentionality and have found evidence of intentional gesturing across all the apes. Tomasello and Call argue that ape gestures come in two distinct types: 'intention movements' and 'attention-getters.' They review the evidence from their work and propose that they are likely acquired in different ways, with intention movements resulting from ontogenetic ritualization. They argue that ape gesture is a unique form of primate communication, and thus should not be considered very similar to either species-typical signals (as, they argue, Byrne and colleagues support), or human gestures (as, they argue, Leavens and colleagues support).
In Great ape gestures: intentional communication with a rich set of innate signals, Byrne, Cartmill, Genty, Graham, Hobaiter, and Tanner review the work on ape gesture conducted by Richard Byrne and colleagues at the University of St Andrews over the last three decades. They highlight the similarities in gesture forms and meanings, with repertoires of the available gesture types largely overlapping between populations and species, and greater overlap between more closely related species. They also discuss the differences between gesture repertoire size (large relative to other animals), and number of meanings those gestures convey (relatively small, given the number of different gestures). Byrne and colleagues argue that the forms of gestures are phylogenetically old and that the basic forms and functions are largely inherited. The authors stress that this does not mean that learning is not involved, but rather than developing an adult gestural repertoire involves a process of pruning and shaping patterns of use over time until arriving at a smaller and more specific adult set of gestures and gesture meanings.
Liebal, Schneider, and Errsen-Lembeck review data from a wide range of studies to evaluate the primary theories of gesture acquisition in their paper, How primates acquire their gestures: evaluating current theories and evidence. The goal of their paper is to provide an overview of the current state of the field and to consider how well the different proposed acquisition mechanisms account for the observed data on gesture. They lay out the predictions made by the major theories about acquisition (genetic channeling, imitation, and ontogenetic ritualization) and then review the supporting evidence for each theory. The authors argue that studies of facial expression development may help forward the discussion of gesture acquisition because their developmental trajectories differ in several important ways. Ape facial expressions emerge earlier in infancy than gestures and show little developmental change. The authors argue that ape facial expressions are likely to be more genetically determined than gestures and show less evidence of social shaping. The authors also discuss theoretical differences between research groups and argue that many of these different interpretations can be explained by different research designs and data collection methods. They end by stressing the need for longitudinal studies, rather than cross-sectional age comparisons, to better answer questions about gesture development and highlight the need for developmental studies that gather comparable data on different modalities.
The papers in Methodological Innovation (Leavens et al. 2017; Genty 2019 ; Gasser and Arbib 2019) present critiques of common methods or propose new methods for studying the development of ape gestures. In their paper, The mismeasure of ape social cognition, Leavens, Bard, and Hopkins problematize common practices of comparative cognition research, which compare the raw performance of apes and humans on cognitive tasks despite vast differences in individual life histories, interaction frameworks, and methodological design. They argue that these kinds of comparisons ignore critical differences in the psychological causes underpinning differences in observed behavior. They propose a more situated approach to studying social cognition and communication, in which individuals' learning histories and local ecological differences are taken into account.
In her paper, Vocal-gestural combinations in infant bonobos: new insights into signal functional specificity, Genty highlights combinations of vocalizations and gestures by proposing to study the development of signal meaning by asking whether calls and gestures are combined more frequently to perform particular functions. Using an example call type (the pout-moan), Genty outlines and walks through a five-step method to ask whether pout-moans are combined with gestures in ways that are functionally-specific (i.e., have particular meanings). She also asks whether the functional-specificity of these combinations changes with age. Although she focuses on qualitative analyses, Genty's data suggests that bonobos' call-gesture combinations become more functionally-specific as they age.
Gasser and Arbib take a neural computational approach to the learning question in their paper, A dyadic brain model of ape gestural learning, production and representation. They present a computational model simulating how a gesture might be ritualized through the interactions and corresponding brain activation of two interacting individuals over time. Gasser and Arbib build 'dyadic brain models' of interacting apes using neurophysiological, neuroanatomical, and behavioral data and integrating specific motivations and rewards at different stages in the model. They argue that such modeling can help test theories of gesture emergence by modeling existing datasets and making testable predictions for future empirical work.
The papers in New Empirical Approaches (Bard et al. 2017; Pika and Fröhlich 2018; Lamaury et al. 2017; Kersken et al. 2018) , present new data on gesture in juvenile primates (both human and non-human). They introduce new theoretical framings and approaches for studying gesture by looking at different modalities (e.g., tactile) or conducting strictly-aligned cross-species comparative studies (with human children or monkeys).
Bard, Maguire-Herring, Tomonaga, and Matsuzawa focus on the development of a tactile gesture in their paper, The gesture 'Touch': Does meaning-making develop in chimpanzees' use of a very flexible gesture? Tactile gestures are often mentioned in studies of ape gesture, but little work has focused on understanding tactile communication. Bard et al., analyze the use of touch by three juvenile chimpanzees over a five-year period and compare it to the use of touch by adults. They find that infants and adults use the touch gesture in ways that differ in form, location, and context, but also argue that there is no systematic change in the way touch is used from infancy to adulthood. Given the high variability in form and context, the authors argue that the meaning of a touch gesture cannot be fully understood from either the form or the context alone. They argue that it is thus critical for researchers to consider contextualized use of gesture in their work.
In their paper, Gestural acquisition in great apes: The Social Negotiation Hypothesis, Pika and Frohlich analyze gestures of young wild chimpanzees. They show that gesture frequency and repertoire size are positively correlated with number of non-maternal interaction partners. According to the authors, the role of social interaction has been underestimated in the two dominant theories of gesture acquisition: genetic channeling (phylogenetic ritualization) and ontogenetic ritualization. They advocate for a form of the theory Plooij introduced in 1978-the Social Negotiation Hypothesis-which posits that ape infants transition from first interpreting and responding to the intent of the signaler during a signaling event, to later understanding that communicative behaviors may themselves be used to manipulate others. Pika and Frölich argue that this transition occurs over development and allows infants to move from responding to and maintaining interactions, to initiating them using signals that have been learned in prior interactions. They propose that, over repeated interactions, apes develop a "mutual understanding" that particular behaviors can be used communicatively to "transfer distinct information and to achieve desired goals." They urge other researchers to more carefully consider the role of social learning in ape gesture and they call for more longitudinal studies and comparative datasets to help advance our understanding of gesture acquisition.
Lamaury, Cochet, and Bourjade extend the scope of the special issue beyond the great apes and beyond spontaneous intentional communication, to study the development of joint attention behaviors in monkeys being trained to produce food requesting gestures. In their paper, Acquisition of joint attention by olive baboons gesturing toward humans, Lamaury et al. trained olive baboons (Papio anubis) to request food from human experimenters using a reaching gesture. They varied the attentional cues available to the baboons by having the experimenter either facing the subjects or in profile. Over time, the baboons began to look towards the experimenter's face and displayed gaze alternation between the experimenter's face and the food reward when gesturing. However, this only occurred when the baboon had full visual access to the experimenter's face (in the facing condition). The authors conclude that access to the social cues present in a partner's face is essential to baboons' developing joint attention. This work demonstrates that the consideration of visual social cues is likely widespread across primate species. Monkey gesturing is significantly less studied than ape gesturing and more work needs to be done in this area. In addition to moving outside the great ape family, this work particularly stands apart from other papers in the special issue in using a training paradigm rather than analyzing spontaneous intentional communication between conspecifics. This method can be particularly useful in testing the importance of different cues during the learning or deployment of a behavior, but the learning process in a human-led training paradigm differs significantly from the learning that occurs naturalistically between conspecifics. Baboons needed training both to acquire the requesting gesture and to learn to attend to their partners' visual state. This finding could suggest an important difference between monkeys and apes; however, the salience of cues in cross-species communication provides a methodological challenge. Thus, we may need to be cautious about generalizing to natural behavior.
Kersken, Gomez, Liszkowski, Soldati, and Hobaiter turn the analytic lens onto human primates in their paper: A gestural repertoire of 1-2 year old human children: in search of the ape gestures. They argue that, historically, human gesture and ape gesture have been studied using very different methods, and thus any comparison between them is difficult, at best. They aim to overcome this methodological divide by applying an ape coding system to the gestural communication of young human children. They present data from 13 human children aged 1-2 years-old, recorded at home or in a nursery environment. Using the same methodology Hobaiter uses when studying chimpanzees, they identified 52 distinct gestures used by human toddlers. They then compared these gestures to those in the chimpanzee repertoire and found that 46 of them were present in both species. The authors argue that there is a shared gestural repertoire available to all great apes (including humans, at least while language skills remain in development), but that is it largely overlooked or unobserved when non-comparable methods are used to study human and non-human apes.
We close the volume by taking stock of the field and looking towards the future. In the final article (Gesturing towards the future: Cognition, big data, the future of comparative gesture research), we attempt to reconcile differences between dominant theories of acquisition, highlighting areas where terminological clarity or methodological innovation could resolve apparent differences in interpretation. We end by proposing new directions for research on ape gesture, and we hope that a collected volume on this topic in 20 years-time will be able to answer many of the questions that remain.
